Abstract The intestinal myxosporean parasite Enteromyxum leei causes severe desquamative enteritis in gilthead sea bream (Sparus aurata) (Teleostei) that impairs nutrient absorption causing anorexia and cachexia. In fish, as in terrestrial vertebrates, intestinal goblet cells are responsible for the adherent mucus secretion overlying epithelial cells, which constitutes a first line of innate immune defense against offending microorganisms but serves also as substrate and nutrient source for the commensal microflora. The secreted intestinal mucus of parasitized (n06) and unexposed (n08) gilthead sea bream was isolated, concentrated, and subjected to downward gel chromatography. Carbohydrate and protein contents (via PAS and Bradford stainings), terminal glycosylation (via lectin ELISA), and Aeromonas hydrophila and Vibrio alginolyticus adhesion were analyzed for the isolated intestinal mucins. Parasitized fish, compared with unexposed fish, presented intestinal mucus mucins with a lower glycoprotein content and glycosylation degree at the anterior and middle intestine, whereas both glycoprotein content and glycosylation degree increased at the posterior intestine section, though only significantly for the total carbohydrate content. Additionally, a slight molecular size increase was detected in the mucin glycoproteins of parasitized fish. Terminal glycosylation of the mucus glycoproteins in parasitized fish pointed to an immature mucin secretion (N-acetyl-α-D-galactosamine increase, α-L-fucose, and neuraminic-acid-α-2-6-galactose reduction). Bacterial adhesion to large-sized mucus glycoproteins (>2,000 kDa) of parasitized fish was significantly lower than in unexposed fish.
Introduction
Mucus acts as a first-line protective, physical barrier on exposed body surfaces, avoiding erosion and dehydration of the underlying epithelia as well as contact with offending pathogens. This biofilm is a mesh-like network of heavily O-glycosylated and densely packed mucin glycoproteins combined with other bioactive molecules, like immunoglobulins, lysozyme, and lectins in piscine mucus (Balebona et al. 1995; Huang et al. 2011; Magnadottir 2006) . Goblet cells, present in intestinal epithelia of all vertebrate groups and in the epidermis of aquatic vertebrates, like fish and amphibians, synthetize and secrete these mucin polymers also in teleosts (Carrasson et al. 2006; Fleurance et al. 2008; Neuhaus et al. 2007a, b; Van der Marel et al. 2010; Leknes 2010; Redondo and Álvarez-Pellitero 2010; Losada et al. 2012; Estensoro et al. 2012a) .
In mammals, the gastrointestinal mucus layer consists of two distinct sublayers, the inner, firmly adherent and virtually sterile, and the outer loosely adherent, which is associated with the commensal microflora (Bergstrom et al. 2010; Kim and Ho 2010) . Adherence of pathogenic, enteric organisms from the luminal environment to the mucosal surface opens the door for colonization and initiation of infective diseases. Some light has been thrown on the specific interactions occurring during the colonization of mucus substrates by bacteria and parasites (Tse and Chadee 1991; Hicks et al. 2000; Theodoropoulos et al. 2001; Schroers et al. 2008; Redondo and Álvarez-Pellitero 2009; Álvarez-Pellitero 2011) . Pathogenic and commensal microorganisms use the mucosal sugar moieties of the mucus glycoproteins as receptors for attachment. Primary host control of the pathogen burden in the outer mucus layer occurs through shedding and renewal of the mucus secretion. On a second line, hostmediated factors such as depth and viscosity of the mucus layer or mucin glycosylation pattern and polypeptide backbone structure, influence early host-pathogen interactions and therefore the course of infection (Bergstrom et al. 2010) .
Quantitative changes of the fish mucus secretion during pathogenesis include increased mucus synthesis and secretion leading to an entrapping and expulsion effect (Lodemel et al. 2001; Neuhaus et al. 2007a; Schroers et al. 2009 ; Van der Marel et al. 2010; Dezfuli et al. 2010; Torrecillas et al. 2011) as well as depletion of goblet cells and thus reduced mucus secretion in other cases ). An acute, massive mucus secretion followed by mucus depletion as detrimental side effect during chronic infections may occur (Kim and Ho 2010) . Additionally, qualitative alterations of the mucus, mainly in its mucin glycosylation pattern, in response to parasite infections also occur (Roberts and Powell 2005; Neuhaus et al. 2007a; Schroers et al. 2009; Van der Marel et al. 2010; Redondo and Álvarez-Pellitero 2010; Álvarez-Pellitero 2011) .
The myxosporean parasite Enteromyxum leei is responsible for high rates of morbidity and mortality in Mediterranean farmed sparids, such as gilthead sea bream (GSB) (Sparus aurata) (Palenzuela 2006; Rigos and Katharios 2010) . This widespread parasite causes severe chronic enteritis by penetrating and invading the intestinal epithelium, which loses its palisade cellular organization suffering occasional desquamation Fleurance et al. 2008; Cuadrado 2009; Estensoro et al. 2011) . The impairment of nutrient absorption provokes anorexia leading to a reduced growth performance, followed by cachexia and even death in affected fish (Sitjà-Bobadilla et al. 2008; Estensoro et al. 2010) . The lack of preventive and therapeutic treatments for this parasitosis together with its devastating effect on high-density stocking conditions due to its direct fish-to-fish transmission (Diamant 1997; Sitjà-Bobadilla et al. 2007) stresses the importance of understanding the mechanisms of this host-parasite interaction.
The aim of the present study was to characterize the biochemical alterations of the secreted intestinal mucus mucins of GSB in response to an E. leei infection and to determine the possible effect on microbial adhesion. Thus, we try to evaluate the effects of this parasitosis on the mucosal intestinal barrier and bacterial adhesion.
Methods

Fish
Parasite-free and clinically healthy gilthead sea bream (S. aurata) from a commercial fish farm were kept in 5 μm-filtered and UV-irradiated sea water at 18º C. They were used as control (C) fish. Recipient (R) fish obtained from this stock were exposed to E. leei-contaminated effluent using the method already described (Sitjà-Bobadilla et al. 2007 ). After 137 days of exposure, C and R fish were starved for 2 days and then euthanized by overexposure to MS-222 (Sigma, St. Louis, MO, USA). The parasitological status of R fish was checked in fresh smears of the anterior, middle, and posterior intestine scrapings by light microscopy. In order to have a very homogeneous group of samples, only those R fish (n06) diagnosed with the highest intensity of infection at the posterior intestine (>100 parasite stages per microscope field at ×250 magnification) were selected for the subsequent analyses (Table 1) . According to our previous experience, the presence of the 
Intensity of infection evaluated on fresh smears of anterior (Ai), medium (Mi), and posterior intestine (Pi) is indicated according to a semiquantitative scale ranging from 1+ to 6+ depending on the parasite stages found per microscope field at ×250 magnification (range, 1+0 1-5; 2+06-10; 3+011-25; 4+026-50; 5+051-100; 6+>100). The observed parasite stages were spores (SP) and disporoblasts (DSB) and their relative abundance shown by greater than sign. Minus sign indicates absence of parasite parasite in the gut scrapings correlates very well with the presence of the parasite in histological sections when the infection is well established. Samples from eight randomly chosen C fish were also taken. Body and intestinal weights of all the fish were registered.
Mucus isolation
Each intestine was subdivided into two samples processed individually, one containing the anterior and middle intestine sections (Ai and Mi) and the other containing the posterior intestine section (Pi). Isolation of secreted luminal mucus glycoproteins from the intestinal sections followed the procedure described in Neuhaus et al. (2007b) and Schroers et al. (2009) . Briefly, intestines were opened lengthwise, cut into small 1-cm pieces, and then incubated in isolation buffer with protease inhibitors and antibiotics (phosphate-buffered saline (PBS) with 1 % dithiothreitol (Sigma), 1 % sodium pyruvate (Sigma), 0.6 % HEPES (Gibco-Life technologies, Alcobendas, Madrid), 0.03 % amphotericin B (Sigma)) for 20 min at 37º C. Intestinal tissue was removed and the isolation buffer centrifuged at 13,500×g for 30 min. The particle-free supernatant was kept at −20ºC until further processing. All samples were concentrated by ultrafiltration (Amicon, Beverly, MA/USA, exclusion limit 30 kDa) to a final volume of 2 ml. Concentrated mucus samples were subjected to downward gel chromatography on a Sepharose CL-4B column (Sigma, Munich, Germany; flow rate, 6 ml/h; fraction volume, 1.5 ml; 50 fractions). Pig gastric mucin (PGM; molecular weight>2,000 kDa), thyroglobulin (molecular weight 670 kDa), and bovine serum albumin (BSA; molecular weight, 69 kDa) were used as molecular weight standards for calibration (Sigma). Carbohydrate content of each fraction was determined by periodic-acid-Schiff (PAS) reaction at 550 nm and protein content by Bradford reaction at 580 nm in a microplate spectrophotometer (BMG Labtech, Offenbach, Germany). Results were expressed per milligram intestinal weight (Table 2) . A 5 mg/ml lyophilized PGM solution was used via PAS reaction as a standard to obtain the calculated glycoprotein content (CGC) (Σ OD sample fractions/Σ OD PGM fractions). Results are expressed as mean value and standard error ( Table 2) .
After downward gel filtration and subsequent staining for carbohydrates and proteins, a biphasic elution profile was obtained for all the luminal mucus samples. For further analysis, fractions were pooled in two size areas (peak I: fractions 14-20 containing molecular size>2,000 kDa, and peak II: fractions 28-40 of molecular size 69-670 kDa).
The protein/carbohydrate (PC) ratio was calculated in order to determine the glycosylation degree of the isolated mucus glycoproteins. A low PC ratio reflected a high glycosylation degree as the amount of carbohydrate side chains increases relative to the protein core. 
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The carbohydrate and protein contents of control unexposed (C) and recipient (R) fish are given in mean OD per gram intestine weight (IW) of pooled anterior and middle (Ai and Mi) and posterior intestine (Pi) segments. Total GP stand for fractions 1-50, GP of molecular weight>2,000 kDa stand for fractions 14-20 (peak I), and GP of 69-670 kDa stand for fractions 28-40 (peak II). Mean calculated GP contents (CGC) (mg/ml per g IW) were obtained by using a 5 mg/ml PGM standard. Glycosylation degree is the protein/carbohydrate ratio calculated from the mean ODs for protein and carbohydrate contents. Different letters indicate statistically significant differences (p<0.05) between carbohydrate and protein contents for the different molecular weight fractions STE standard error a Statistically significant differences indicated in R fish compared with C fish (p<0.05)
Terminal glycosylation
The terminal glycosylation pattern of the mucus glycoproteins was determined by lectin ELISA as described previously (Enss et al. 1995; Neuhaus et al. 2007b ). Fraction pools (peak I, peak II) were used to coat 96-well-microtiter plates (Nunc Maxisorb, Wiesbaden, Germany) overnight at room temperature. After blocking with 1 % BSA in PBS, plates were incubated with biotin-labelled lectins (10 μg/ml in PBS) for 1 h. The employed lectins and their sugar specificities are summarized in Table 3 (DBA, RCA, UEA 1: Vector Laboratories, Burlingame, USA; ConA, SNA: Sigma). Lectin binding was visualized by subsequent incubation with streptavidin-horseradish-peroxidase for 30 min and orthophenilenediamine-peroxide (DAKO Chemicals, Hamburg, Germany) for 15 min. The enzymatic reaction was stopped by addition of 0.5 M sulfuric acid, and the OD was measured at 485 nm in a microplate spectrophotometer (BMG Labtech).
Bacterial adhesion
Adhesion of Aeromonas hydrophila (DSM 30187) and Vibrio alginolyticus (DSM 2171) to mucus-coated microtiter plates (Nunc Maxisorb) was studied as previously described (van der Marel et al. 2008) . Bacterial suspensions were kindly offered by the Poultry Clinic of the Centre of Infectious Diseases of the Veterinary School of Hannover, Germany. After coating black microtiter plates overnight with the glycoprotein fraction pools (peak I, peak II), they were incubated with the fluorescentlabelled bacterial suspensions (10 9 bacteria/ml) in the dark for 30 min. Therefore, a 1:100 Syto 9 (Invitrogen, Darmstadt, Germany) dilution was used for the green fluorescent staining of the bacterial nucleic acid. Bacterial fluorescence was measured twice during the assay (470 nm excitation, 520 nm emission) in a microplate spectrophotometer (BMG Labtech). First measurement took place immediately after the incubation to record the 100 % of bacterial fluorescence. After plates were washed with 0.9 % NaCl and shaken off to remove nonadhered bacteria, the second fluorescence measurement was recorded. Results were expressed as percentage of adhered bacteria fluorescence.
Statistics
The Student's t test for normal distributed data was used to analyze the possible differences between intestine segments, the two size elution areas (peak I, peak II), and C and R fish regarding mucus carbohydrate and protein contents, oligosaccharide terminal glycosylation, and bacterial adherence. Data which failed the normality test were analyzed with Mann-Whitney U sum test. Statistical analyses were performed using Sigma Stat software (SPSS Science, Chicago, IL, USA) at a significance level of p<0.05.
Results
Mucus glycoproteins
The isolated luminal mucus showed a biphasic elution profile for the protein and carbohydrate contents when fractions from downward gel filtration were monitored (Fig. 1, Table 2 ). At the Pi, the carbohydrates were found in a low concentration and the biphasic profile almost disappeared. In all studied mucus samples, high-molecular-weight glycoproteins (>2,000 kDa) were eluted in a first peak (PI, fractions 14-20) and smaller glycoproteins (69-670 kDa) in a second peak (PII, fractions 28-40). The mean protein content of the isolated mucus glycoproteins was significantly higher than the mean carbohydrate content, regardless of the intestine section for C and R fish ( Table 2 ). The CGC and the glycosylation degree were significantly higher in the glycoproteins of the PI fractions than in those of the PII fractions, which had lower carbohydrate content, for all C and R intestinal segments.
The isolated mucus glycoproteins varied in parasitized with respect to control fish along the intestine (Fig. 1, Table 2 ). Thus, the total CGC was lower in Ai and Mi and higher in Pi in R fish than in C fish, though the differences were not statistically significant. A similar variation occurred for the total carbohydrate content, both in Ai and Mi and in Pi, and the differences were statistically significant. The situation was also similar for the glycosylation degree of the isolated glycoproteins (lower in Ai and Mi and higher in Pi in R fish than in C fish for the total fraction collection and in the fractions PI and PII separately, with the only exception of the PI glycoproteins of C fish), but the differences were not statistically Table 3 Lectins used in ELISA, their acronym, and sugar binding specificity significant. The carbohydrate and protein profiles of R fish were eluted two to three fractions earlier than those of C fish, indicating a slight molecular size increase in all intestinal sections.
Terminal glycosylation
All the tested terminal monosaccharide residues were present in the isolated mucus glycoproteins of C and R fish (Fig. 2) . N-acetyl-α-D-galactosamine (α-galNAc) was the most abundant sugar residue detected, followed by N-
, and neuraminic-acid-α-2-6-galactose (αNeuNAc (2→6)gal), whereas α-D-mannose (α-D-man) and α-Dglucose (α-D-glc) were the scarcest in both C and R fish. The presence of αNeuNAc(2→6)gal, α-L-Fuc, and α-Dman/α-D-glc predominated in glycoproteins of 69-670 kDa (PII), while α-galNAc and β-galNAc were more abundant in glycoproteins>2,000 kDa (PI). The total content of terminal α-galNAc and α-D-man/α-D-glc was higher in R than in C fish, whereas the other sugar residues were scarcer in R fish. However, the terminal presence of the analyzed glucans was highly variable for the different intestinal sections, molecular size ranges, and infective status.
Bacterial adhesion to mucus
The adhesion ability of the two bacterial strains to the isolated mucus glycoproteins differed, ranging the mean percentage of adhesion of A. hydrophila from 0.54 % to 1.28 % and that of V. alginolyticus from 2.18 % to 3.17 %. Both bacterial strains adhered significantly stronger to the mucus glycoproteins of PII (69-670 kDa) than to those of PI (>2,000 kDa), regardless of the intestinal section for both C and R fish (Fig. 3) . Bacterial adhesion was significantly and R (n06) are shown. PI: peak I, glycoproteins>2,000 kDa; PII: peak II, glycoproteins between 69 and 670 kDa lower in R than in C fish for the mucus molecules > 2,000 kDa (PI) in all intestinal sections. For the smallersized glycoproteins of PII, no significant differences in bacterial adhesion between C and R fish were recorded.
Discussion
Parasite outbreaks, together with those due to virus and bacteria, are a major thread for aquacultured fish, due to their and lower case letters indicate statistically significant differences (p< 0.05) between PI and PII of C an R fish, respectively. Statistically significant differences between C and R groups are indicated by asterisks (p<0.05) rapid spread and devastating effects on growth performance and survival, as well as to their complex control strategies which have to consider also consumer safety issues. The mucosal biofilm is the first host-defence barrier that harmful luminal microorganisms encounter in the intestine. Consequently, the mucus interface constitutes an anchoring or entrapping surface for all the macromolecules that contact this mesh-like structure, mainly formed by mucins, highly Oglycosylated filamentous glycoproteins. Thus, given the importance of the secreted intestinal mucins in the host-parasite interaction during disease processes, this study focused on the effect of E. leei infection on gut mucins of GSB. Biphasic elution profiles were obtained for the secreted intestinal mucins of almost all intestinal sections of GSB, both peaks representing two clearly distinct size ranges of mucins: >2,000 kDa (PI) and 69-670 kDa (PII). As could be expected, large-size mucins of the PI presented significantly higher CGCs and glycosylation degrees than those of PII, regardless of the intestine section and the parasitic state of the fish. Therefore, the PI mucins seem to constitute the densely glycosylated mature mucins mainly contributing to the visco-elastic properties of the adherent mucous gel, while PII would correspond to smaller immature mucus molecules also discharged by goblet cells.
The mucous secretion of R fish showed important alterations depending on the intestinal section. Thus, the CGC and the glycosylation degree of the isolated mucin glycoproteins at the Ai and Mi were lower in R than in C fish, in contrast to the higher values detected at the Pi in R fish compared with C fish. Besides, the glycosylation degree of Pi mucin glycoproteins was in most cases higher than that at Ai and Mi. In this study, all R fish had the parasite established at the Pi, being the infection load homogeneous among fish, and only one of them harbored parasitic stages also in the Ai and Mi. This agrees with the known preference of E. leei for the rectum and Pi of GSB, its target organ, from which the infection follows a posterior-anterior progression (Cuadrado 2009; Estensoro et al. 2010 Estensoro et al. , 2011 Sitjà-Bobadilla and Palenzuela 2012) . Previous works dealing with E. leei infections in GSB showed differences in the mucosal immune response of the Pi compared with the other less affected intestine sections. Thus, intestinal plasma cells detected by immunohistochemistry during inflammation increased significantly only at the Pi, suggesting a mucosal immune response at local level (Estensoro et al. 2012b ) and the presence of host apoptotic cells, detected by the anti-active caspase3 Pab, decreased significantly only at the Pi (Estensoro et al. 2009 ). These observed cellular, physiological, and immunological differences along the intestine of GSB could be related with the differential anterior-posterior mucous secretion.
Interestingly, previous in situ studies on carbohydrate histochemistry of the intestinal goblet cells showed a clear depletion phenotype of this cell type in a long-term E. leei infection (102 days post-exposure), which was significant at the Pi but not at the Ai for acid, acid-carboxylic, and SNApositive mucins (Estensoro et al. 2012a) . In other studies, goblet cell depletion was also found in GSB intestinal segments affected by enteromyxosis (Fleurance et al. 2008; Redondo and Álvarez-Pellitero 2010) . This goblet cell depletion contrasts with the observed increase of the CGC and glycosylation degree in the Pi mucous secretion of R fish. The present fish harbored a longer-lasting infection than that of the histologically studied fish, and they could exhibit a rebound effect with an increase in the mucus secretion. On the other hand, the decrease of the CGC and glycosylation degree in Ai and Mi mucous secretion in R fish correlated with the goblet cell depletion phenotype documented for this host-parasite model Estensoro et al. 2012a ). To our knowledge, other examples of similar mucus depletion do not exist in teleosts challenged with enteric infections, except for enteromyxosis. Mucus overproduction is the most common innate immune response in the piscine intestine aiming to entrap and eliminate offending microorganisms (Lodemel et al. 2001; Neuhaus et al. 2007a; Schroers et al. 2009; Dezfuli et al. 2010; Torrecillas et al. 2011) , and therefore it seems paradoxical that the host response triggers a reduction of mucus. However, this has already been documented in mammalian models in which the involvement of a complex immune regulation was shown. Thus, the goblet cell depletion in Citrobacter rodentium-infected mice, associated to a downregulated gene expression of goblet cell-specific factors, was mediated by the host immune system since it did not occur in T and B cell-deficient mice (Bergstrom et al. 2008) . Furthermore, mucins are involved in both innate and adaptive mucosal immunity at gut level in vertebrates, being regulated through inflammatory cytokines (such as interleukins IL-1β, IL-4, IL-6, IL-9, IL-13, interferons, or tumor necrosis factor (TNF)-α) (Álvarez-Pellitero 2011) . Indeed, the expression of IL-1β and TNF-α in the intestine of GSB was downregulated after E. leei infection (Sitjà-Bobadilla et al. 2008) . Further studies on the GSB immune response are needed to elucidate this mucin-immune connection and to track the detailed kinetics of the variations in the intestinal mucous secretion.
Mucin oligosaccharides are widely considered to be a central element in host-pathogen interactions due to the molecular charge they confer (Pedini et al. 2002; Roberts and Powell 2005; Redondo and Álvarez-Pellitero 2010) , the attachment and energy source they provide (Kim and Ho 2010) , and for their involvement in specific recognition and binding phenomena (Roussel and Delmotte 2004; Cheng et al. 2010; Kim and Ho 2010) . Moreover, mucin glycoconjugates are known to prevent apomucin degradation by microbial proteases (Ascencio et al. 1998; Sarasquete et al. 2001; Neuhaus et al. 2007b; Schroers et al. 2009; Redondo and Álvarez-Pellitero 2010) . Thus, modulation of mucin glycosylation plays a decisive role in either pathogen expulsion or settlement and invasion. The current results agree with previous descriptions of terminal mucin glycosylation in GSB intestine (Domeneghini et al. 1998; Redondo and Álvarez-Pellitero 2010) , confirming the presence of all five monosaccharides: α-galNAc, β-galNAc, α-L-Fuc, αNeu-NAc(2→6)gal, and α-D-man. No significant glycosylation differences were detected in the mucous secretion, though some patterns depending on intestine section, mucin size range, and parasitic status can be discerned. N-acetylgalactosamines are initial sugars of the oligosaccharide side chains binding directly to the apomucin (Pedini et al. 2002; Álvarez-Pellitero 2011) and are therefore considered an indicator of not fully mature mucins (Enss et al. 1995; Schroers et al. 2009 ). In the current work, α-galNAc was the most abundant glycoconjugate detected in PII glycoproteins, and it was more abundant in R fish mucins of this size range, suggesting a premature mucin secretion due to enteromyxosis. α-L-Fuc and αNeuNAc(2→6)gal were more abundant in PII than in PI glycoproteins. Both terminal monosaccharides were less abundant in the Pi of our R fish than in C fish. A fucose reduction was previously detected in the intestine of parasitized GSB , and neuroaminic acid also decreased in common carp intestinal mucus in response to LPS application (Neuhaus et al. 2007a ). Fucose and neuroaminic acid typically terminate the oligosaccharide side chains since they are transferred to the glycoprotein late during synthesis (Enss et al. 1995; Pedini et al. 2002; Schroers et al. 2008; Álvarez-Pellitero 2011) . Thus, incompletely glycosylated immature mucins are secreted in the E. leei infected intestine segment. Additionally, both fucose and neuraminic acid are considered to intervene in microorganism adhesion (Schroers et al. , 2009 Estensoro et al. 2012a ) and mucosal protection (Neuhaus et al. 2007a; Redondo and Álvarez-Pellitero 2010; Álvarez-Pellitero 2011) , and their reduction is related to enteric infections. α-D-man/α-D-glc residues were the scarcest among the monosaccharides tested in GSB, in accordance with published data for fish (Pedini et al. 2002; Redondo and Álvarez-Pellitero 2010) . In fact, mannose binds N-glycosylically to the mucin only at the C-terminal cysteine knot domains (Pedini et al. 2002; Bansil and Turner 2006; Álvarez-Pellitero 2011) .
As a whole, E. leei infection produced changes in the lectin-binding pattern to terminal carbohydrate residues. Furthermore, the mucosal modulation induced by the infection invoked a significant reduction of bacterial adhesion to the mucus. Adhesion of A. hydrophila and V. alginolyticus was studied as an initial step for bacterial colonization. Adhesion to mucus can be correlated with the virulence of the strain but is also a selection criterion for probiotic microorganisms (Vesterlund et al. 2005) . A. hydrophila, a facultative pathogen but also part of the intestinal microflora in healthy fish, is commonly found in freshwater and marine fish (Rodríguez et al. 2008; Sahoo et al. 2008) . V. alginolyticus is a frequent causative agent of bacterial diseases affecting farmed GSB (Balebona et al. 1995; Bordas et al. 2003) . The greater adhesion of V. alginolyticus to the isolated mucus mucins might be the reason for its frequent disease participation, while the less adherent A. hydrophila is an opportunistic pathogen. Besides, other bacterial factors like motility, chemotactic response, glucolytic/proteolytic enzyme production and temperature or salinity preferences are probably involved in such differential adhesion. Both bacterial strains adhered significantly stronger to the PII mucus glycoproteins (69-670 kDa) than to larger-sized glycoproteins. The preference of bacteria to adhere to smaller glycoproteins is considered a strategy to access core region carbohydrates . In fact, no differences in bacterial adhesion to PII glycoproteins were detected, regardless of the intestinal section and the parasitic state. Interestingly, a consistent significantly lower bacterial adhesion to PI glycoproteins (>2,000 kDa) occurred in R fish with respect to C fish for both strains in all intestine sections. Sugar-binding proteins, like lectins and adhesins, are employed by many pathogens to recognize and bind to host glycoconjugates (Enss et al. 1995; Álvarez-Pellitero 2011) . Thus, the changes in mucin glycosylation described above, especially the reduced amounts of terminal fucose and neuroaminic acid residues, could be in part responsible for the observed reduction of bacterial adhesion.
In the current study, the less adherent mucus produced by GSB during enteromyxosis prevented the adhesion of some pathogens, but this could also imply a deficient microflora with a subsequent weakness of fish. Indeed, complex populations of commensal bacteria can exclude pathogen colonization and the severity of enteric infections increases during decreased mucus production (Bergstrom et al. 2010) . Further studies on the commensal gut microflora of GSB, including experimental infections, would confirm whether enteromyxosis favors the adherence and entrance of certain bacteria to the intestine.
The current work proves numerous alterations in the intestinal mucous secretion of GSB in response to E. leei infection. The mucus secreted after the enteromyxosis had modified mucin patterns in which abundance, size, and glycosylation were altered. The presence of larger-sized mucin glycoproteins in R fish with respect to C fish could be due to a change in mucin gene expression, though a reduced degradation by bacteria cannot be discarded, since commensal microflora is often depleted during enteric infections (Bergstrom et al. 2010) . Mucin gene expression patterns in GSB are currently studied aiming to decipher the underlying mechanisms that modulate such alterations.
